UNCLASSIFIED

AD NUMBER

AD815392

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Operational Use; 16 MAR 1967.

O her requests shall be referred to Defense
Advanced Research Project Agency, Attn: TIQ

675 North Randol ph Street, Arlington, VA 22203-
2114.

AUTHORITY

DARPA [ tr, 27 Feb 1968

THISPAGE ISUNCLASSIFIED




AD815392

ADVancen |
researcH |
ProJecTts |
AGENCY |
1
\
|

ProJecCTt
AGILE




DISCLAIMER NOTICE

THIS DOCUMENT IS THE BEST
QUALITY AVAILABLE.

COPY FURNISHED CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



Fee oum

e

i,
e

--_‘

B

;-_1"——

ADvancebn
ResearcH
ProJecTs
AGEeNncy

)

ProJecCTt
AGILE

Each transmittal of this document outside
the agencies of the U. S. Government must
have prior approval of ARPA/TIO.

Racic

REMOTE AREA CONFLICT INFORMATION CENTER

A FEASIBILITY STUDY OF A REMOTE
AREA LAND TRANSPORTATION CONCEPT

Report No. RACIC-TR-59
March 16, 1967
prepared for
ADVANCED RESEARCH PROJECTS AGENCY
PROJECT AGILE
Contract No. F33657-67-C-0810
ARPA Order No. 935
by
M. M. De Long and D. N, Goss
Battelle Memorial Institute
Columbus Laboratories

505 King Avenue
Columbus, Ohio 43201



sy

]5(1“(“”(‘ A\'I(?lll()l'i(\l ]nstitul(‘ - COLUMBUS LABORATORIES

505 KING AVENUE COLUMBUS, OHIO 4320!1 - AREA CODE 614, TELEPHONE 299-3151 - CABLE ADDRESS: BATMIN

June 9, 1967

Advanced Research Projects Agency
Office of the Secretary of Defcnse
Washington, D. C. 2030l

Attention Mr. A. N, Tedesco
Project AGILE

Dear Sir:

Enclosed ate f' o copies of our report "A Feasibility Study of a Remote Area Land
Transportation Concept'', Report No. RACIC-TR-59, which was prepared in response to
,our request,

We will welcome any comments you may have in regard to this study.

Sincerely,

J,L.,M weedtoed

John W, Murdock
Project Director
RACIC

JWM:sel
Enc. (5)

cc: According to Distribution List



ACKNOWLEDGMENT

The authors of this report gratefully acknowledge the assistance rendered by
Rolligon Corporation and Shell Development Company personnel in providing them with
illustrative material, specifications, and other information for this study.



[

PREFACE

This research was supported by the Advanced Research Projects Agency of the

Department of Defense and was monitored by ARPA/AGILE under Contract No.

F33657-67-C-0810.

vertising, sales promotion, or publicity

Battelle is not engaged in research for ad
d in full or in part for such purposes,

purposes, and this report may not be reproduce



TABLE OF CONTENTS

Page
INTRODUCTION . . . . . . .« . . . . o v o v e e e |
SUMMARY . . . . . . oL Lo e e e s s s
CONCLUSIONS . . . . . . . .« . o v v v e e e e 3
RECOMMENDATIONS. . . . . . . . . . . « « o v v v v v . 4
CONCEPT DESCRIPTION . . . . . . . . .+ . « .« « « « v « . . 4
ROTE Vehicles . 5
Minimal Roads . . 9
Required Capacxty - E . 9
Required Construction Operations. 9
FEASIBILITY STUDY . . . . . . . . .« . « .« . « v v « v « .. 10
Concept Application . . - E B @ W :c E + W+ 10
Road Construction and Mamtenance Cosu F B - 3 - FE B - . K 11
Average Cost for Three Examples . . . . . . . . . . . . 16
Vehicle Operating Costs . . . N )
Potential Usefulness of the ROTE- Vchxclc/Mmimal Road Concept o e e 17
Use of Concept by Law-Enforcement Agencies . . . . . . . . 19
Use of Concept as Passenger Transportation . . . . . . . . ., 19
Use of Concept for Freight Hauling . . e e e s e e 19
Comparison of Minimal- and Conventional- Road Inveument and
Return . . . . o + ¢ ¢ ¢ 0 v e e e e e e e e e 30
BIBLIOGRAPHY . . . . . + « « v v v v 4 e v e o 4 v e e 31
APPENDIX A
VEHICLE CHARACTERISTICS . . . . . . . . « .+ « « « « « + « . A-1
APPENDIX B
CONSTRUCTION OPERATIONS FOR MINIMALROADS. . . . . . . . . . B-l
APPENDIX C
BRIEF DESCRIPTION OF THE GEOGRAPHICAL CHARACTERISTICS OF THE
SAKON NA KHON PROVINCE OF NORTHEAST THAILAND. . . . . . . . C-l
APPENDIX D
DERIVATION OF ROAD-CONSTRUCTIONCOSTS . . . . . . . . . . . D-1



Table 1.
Table 2.
Table 3.
Table 4.
Table 5.

Table 6.

Table 7.

Table 8.

Table C-1.

Table C-2.
Table D-1.

Table D-2,

Table D-3.

Table D-4,
Table D-5.
Table D-6.

Table D-7.

LIST OF TABLES

Characteristics of Tires Used on ROTE Vehicles .
Minimal-Road Construction Costs

Annua’ Mileage Estimates for ROTE Vehicles
Vehicle Operating Costs

ROTE Vekicles Operating as Passenger Carriers .

ROTE Vehicles as Freight Carriers (Rollxgo'\ Co: porauon 8
Marsh Skeeter) . . 1 E . a s

ROTE Vehicles as Freight Carriers (Shell Developmcnt (,ompany 8
Shell Crab) o . TS

ROTE Vehicles as Freight Vehicles (Shell Development Company s
Modified Ford F-600 Truck) . . . . . . . i &

Agricultural and Other Activities in the Various Provinces of
Northeastern Thailand . . . . . . .

Monthly Rainfall Data for Sakon Na Khon Province. . . .
Composition of Road-Construction Costs .

Representative Roadway-Construction Costs for the Various Types
of Roadways in Developing Countries. . . . . « . .

Representative Annual Roadway-Maintenance Costs for the Various
Types of Roadways in Developing Countries . . . .

Composition of Road-Construction Costs for Minimal Road 1 . .
Composition of Road-Construction Costs for Minimal Road Il .
Composition of Road-Construction Costs for Minimal Road II .

Minimal-Road Construction Costs . . . . . . « . .

11

17

18

24

27

28

29

1
w4

n



LIST OF FIGURES

Page
Figure 1. Rolligon Corporation's ""Marsh Skeeter" Vehicle . . . . . . . . 6
Figure 2. Shell Development Company's Shell Crab . . . . . . . . . . 7
Figure 3. Shell Development Company's Modified Ford F-600. . . . . . . 8
Figure 4. Territorial and Provincial Divisions of Thailand . . . . . . . . 12
Figure 5. Sakon Na Khon Province . . . . . . . . . . « = o« - =« 13
Figure 6. Examples of Minimal Roads. . . . . . . . . .« « « - - = 14
Figure 7. Artist's Conception of Security Police Vehicle . . . . . . . . 20
Figure 8. Artist's Conception of Passen;er Vehicle — 10-Person Capacity . . 21
Figure 9. Artist's Conception of Passenger Vehicle — 20-Person Capacity . . 22
Figure 10. Artist's Conception of Passenger Vehicle — 30-Person Capacity . . 23
Figure 11. Artist's Conception of Freight Vehicle — 2000-Lb Payload . . . . 25
Figure 12. Artist's Conception of Freight Vehicle — 6009-Lb Payload . . . . 26
Figure B-1, Minimal Road Cross Sections Where Fill or Channel Construction

is Required P -



A FEASIBILITY STUDY OF A REMOTE AREA
LAND TRANSPORTATION CONCEPT

by

M. M. Delong and D. N. Goss

INTRODUCTION

The cost of constructing and maintaining a conventional all-weather ferder-road
network in the remote areas of tropical and semitropical regions of developing countries
is very high and often cannot be justified. However, some type of all-weather feeder-
transportation capability is necessary to increase economic activity, enhance civic action
programs, and maintain adequate security against insuirgency.

A. N. Tedesco, Mobility Program Manager, Project AGILE, of the Advanced Re-
search Projects Agency, suggested a land-transportation concept that may provide a solu-
tion to this problem and has requested the Remote Area Conflict Information Center at
Battelle to outline this concept in some detail and obtain a preliminary assessinent of its
feasibility.

The concept consists of a vehicle-roadway combination, The vehicle is a com-
mercially available item presently used as an off-road vehicle by several industrial
concerns; its most distinguishing feature is the type of tire used. Relative to ordinary
automotive tires, it has large ground-contact area and volume and a minimum number of
fabric plys; it uses a very low inflation pressure. In some cases, the vehicle has an
amphibious or fording capability. The vehicle is matched with a minimal roadway. This
minimal roadway makes possible greater vehicle speed than can be achieved in off-road
operation. However, maximum use is made of the vehicle's off-road ability to minimize
the need for such high-cost, road-construction operations as roadbed and surface prepa-
ration and construction of drainage facilities and bridges.

The scope of this study covers only the description and a preliminary assessment
of the concept's feasibility. No attempt was made to predict the overall demand for or
benefit from this concept. It was assumed thai the concept would be utilized in the
example applications and that other critical problems, such as fuel and spare-parts dis-
tribution, management of the operations, training of personnel, etc., could be overcomc.

The concept appears feasible in the context of the requirements considered in thie
study; that is, as a feeder-transportation concept, it could offer a significant advantage
over existing fair-weather or all-weather alternatives. The next appropriate step in
evaluating the concept would be to conduct a simulated or actual pilot test to obtain more
definitive data on performance and costs.



SUMMARY :

Low cost and adequate capacity were the two primary characteristics considered
in evaluating the feeder-transportation concept. The problem in trying to obtain such =
characteristics arires from the extreme weather and topographical conditions which
prevail in tropical areas,

Existing native trails now serving as feeder-transportation matrices are oftex
impassable for conventional vehicles for one-fourth to one-third of the year because of
the heavy annual monsoon rains. Even when the trails are passable, the surface is
very rough and often very dusty, and this imposes severe operating conditions on con-
ventional vehicles, Consequently, conventional vehicles have a relatively low utiliza-
tion rate and short life (e.g., 50,000 miles/3 years). Conventional all-weather roads
could alleviate many of these problems and, in fact, are oftea used as arterial trans-
portation links, However, they are si:n>ly too expansive (e.g., $25, 000-$50, 000/mile)
to be extended to cover the feeder-transportation situation,

ARPA/AGILE specified the type of vehicle for this corcept. The three vehicles
considered were the Rolligon Corporation's Marsh Skeeter (2000-1b payload), the Shell
Development Company's Shell Crab (4000-1b payload), and Shell's modified Ford F-600
truck (6000-1b payload). A detailed description of the vehicles is presented in Appen-
dix A. These vehicles use a unique type of tire (large volume, large contact area,
flexible carcass, low inflation pressure (see Table 1, page 5, for additional details) and
are especially suited for the situation under consideration.

The very nature of an off-road vehicle (relatively low payload-to-weight ratio and
operational speeds compared with conventional highway vehicles) raised the question as
to whether the ROT £*-vehicle/minimal-road combination could provide sufficient
capacity.

Studies of transportation characteristics in remote areas indicate that a traffic )
volume of 50 vehicles/day or less (75 to 90 percent of these are trucks and buses) on
feeder links is typical. The payload of these vehicles ranges from 4000 to 25,000
pounds, depending on the vehicle size and type and the road condition. Assuming this
to be a reasonable estimate of the capacity required, the capacity of the ROTE-vehicle/
minimal-road combination concept was established at a maximum of 40 tons/day pass-
ing any point. This would be equivalent to 15 to 25 ROTE vehicles /:day passing a point,

Depending on terrain conditions, one of three different minimal-road construction
techniques would be necessary:

Minimal Road Type Construction Operation
1 Improvement of existing paths or trails
I Establishment of roads through virgin areas by clear-

ing surface vegetation and using the natural earth
surface as the roadway

111 Establishment of roads through virgin areas by clear-
ing surface vegetation and performing a minimum
amount of cut-and-{ill operations,

*ROTE vehicle: Rolligon bag or Terra-tire Equipped vehicle. This term is used throughout the report to Indlcale vehicles of
this general type.
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There is a wide variation in road and vehicle costs between different developing
countries and cost figures averaged over more than cne country lose much of their
meaning. To avoid this problem for analyzing the feasibility of the concept, the area
of Sakon Na Khon Province in northeast Thailand was selected. The selection was made
after discussions with ARPA/AGILE and AID personnel. The need described was
provision oi transportation links from district administrative centers to the provincial
capital (Sakon Na Khon) or to existing all-weather roads leading to the capital.

Three possible road segments, totaling 46.9 miles, were selected. Depending on
the surface and topographical characteristics, the estimated minimal road construction
ccsts (for a road with a 3-year life) ranged from $800 to $4000/mile. The average cost
would be $1300/rnile with an annual maintenance cost of $300/mile. Conventional all-
weather rvads in this arca were estimated to cost a minimum of $30, 000/mile.

The initial cost of the ROTE vehicles, including purchase and shipping cost but
not import duty, would range from $11,000 to $14, 000. Annual operating costs, includ-
ing depreciation, maintenance, and operator salaries, would range from 40 to 65 per-
cent of the initial cost. Annual mileage is estimated at 28,650 miles. Table 3,
page 17, described how this figure was obtained.

Feasibility of the concept was judged on (a) whether or not thie vehicles could be
operated profitably by both shippers (or passengers) and operators and (b) whether or
not the minimal road would offer more miles of road/unit of investment than existing
all-weather rouads.

On the hasis of estimated vehicle revenue, the vehicles appear feasible to oper-
ate. That is, the revenue would be sufficient (in nearly all cases) to cover all operating
costs and provide varying amounts (0 to 180 percent of the operating costs) for manage-
ment overhead,

The minimal road as defined also appears feasible. That is, 23 times more miles
of all-weather minimal roads can be constructed than miles of conventional all-weather
roads for a given investment. Also, the annual cost/mile, including depreciation and
maintenance costs, would be only about one-fifth the cost of conventional roads, How-
ever, the ani' al return that must be realized for a given investment is approximately
three times greater for minimal roads than for convertional-road alternatives.

The favorable conclusions of the feasibility of the concept must be considered as

strictly preliminary. The next appropriate action is a simulated or actual pilot test to
obtain realistic field data for further evaluation.

CONCLUSIONS

On the basis of the assumptions made in this study relative to (1) cost of construct-
ing and maintaining minimal fceder roads and (2) the purchase and other costs, annual
mileage, and average speed of ROTE vehicles, the following conclusions have been
reached:

(1) The remote-area transportation-system concept presented is technically
and economically feasible. The system appears to be most advantageous
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for situations requiring the movement of 40 tons/day or less over round-
trip distances less than 100 miles.

(2) The ROTE-vehicle/minimal-road concept used as a passenger-carrying
system could provide enough revenue in a typical situation to pay all
vehicle operating costs as well as an additional 38 to 178 percent for
management overhead.

(3) The ROTE-vehicle/minimal-road concept used as a freight-moving
system could provide enough revenue in a typical situation to pay 21l
vehicle operating costs, as well as an additional 4 to 78 percent for
management overhead costs.

(4) If a given investment were available for the construction of roads, an
area of approximately 23 units could be served by a minimal road instal-
lation as compared with 1 rnit of area served by a conventional all-
wecather road. However, an annual benefit (revenue) approximately
three times greater would have to be realized for the minimal-road in-
stallation than for 2 comparable conventional-road instaliation,

RECOMMENDATIONS

The following recominendations for further action are made on the basis of the
study:

(1) Verify the vehicle cost and productivity information in actual or simu-
lated pilot tests and identify required operating procedure and main-
tenance facilities and procedures.

(2) Verify the minimal-road costs and life estimates in actual or simulated
pilot tests,

(3) Define and investigate the overall aspects of the system that are re-

lated to this transportation concept such as fuel and sparc-parts distribu-
tion system, management requirements, personnel-training requirements.

CONCEPT DESCRIPTION

The characteristics of the overall concept were d:rived from the fixed character-

istics of vehicles specified by ARPA/AGILE and the restrictions encountered in attempt-

ing to devise a low-cost road with adequate capacity. Performance characteristics of
the vehicles were obtained from the vehicle manufacturers and users, and the minimal-
road characteristics we-e based on the personal experience of the authors.
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ROTE Vehicles

The three vehicles considered in evaluating this concept are shown in Figures 1,
2, and 3, and detailed information concerning them can be found in Appendix A, The
tircs of the three vehicles are quite similar in performance characteristics, although

the ‘liameter-to-width ratios are somewhat different.

using this type of tire are listed in Table 1.

TABLE 1.

The resultr and advantages of

CHARACTERISTICS OF TIRES USED ON ROTE VEHICLES

Tire Characteristics

Result

Advantage

Large ground-contact arca
in relation to wheel load
which provides low con-
tact pressure

Carcass flexibility
(minimum number of plys,
low inflation pressure)

Large volume

Tends to minimize vertical

deformation of soil; large
area to develop thrust

Low rolling resistance due
to carcass flexure; resists
punctures by conforming
to (enveloping) obstacle;
conforms to uneven terrain
surface and large obstacles;
attenuates impact when
driving over uneven ground
or obstacles; tire tends to
deform rather thar abrade
on hard surface

Flotation for amphibious op-

erations can be achieved
entirely with tires; no need
for displacement hull

Reasonable power re-
quirement; minimizes
immobilizations; mini-
mizes rut damage to
roads

Reasonable power re-
quirement; tire is dur-
able over difficult
terrain; good obstacle-
negotiating ability; pro-
vides relatively smooth
ride without additional
requirement for a sus-
pension system; no
excessive wear on hard
surfaces

Entrance and exit mancuv-
ers in streams do not
cause swamping of en-
gine or cargo

ROTE vehicles have been designed primarily for uff-road use by indnstrial firms.
In addition to the good performance over difficult terrain, a number of other advan-
First, these vehicles have the ability to travel over

tageous features are available,
conventional roads without modification,

Scconi, most of the engine and drive-train

components are very rugged, reliable, and widely used items. Third, the vehicle
frames are either very simple in design or mass produced.
assembly or fabrication possible.

These features make local
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Minimal Roads

Required Capacity

Very little information is available pertaining specifically to the volume of traffic
handled by the fceder roads in remote arcas. However, the capacity can be deduced by
examining the information available for better-quality conventional roads,

The traffic voluine on the arterial roads and highways of remote areas may range
from 100 to 1500 vehicles per day., These arterial roads serve the major population
centers and provide transportation for raw materials and produce moving out from the
remote areas and manufactured goods from the larger metropolitan centers moving into
the remote areas. Trucks and buses constitute 75 to 90 percent of the traffic on the
main roads and could be expected to account for the majority of motorized traffic on the
feeder roads.

The roads in remote areas can be categorized by quality and capacity as follows:
(1) Primary Roads, High-standard, all-weather quality capable of

handling over 500 vehicles (truck, bus, car) per day; high-type bitum-
inous or concrete surface

(2) Serondary Roads. Light-duty, limited all-weather quality capable of
handling 100 to 500 vehicles per day; low-type bituminous, stabilized
carth, or well-compacted-earth or gravel surface

(3) Feeder Roads. Light-duty, fair-weather quality handling less than
100 vehicles per day; compacted-carth surface

(4) Local Trails. Dry-weather, low quality capable of handling only small
volumes of conventional traffic; natural earth surface,

The payloads of the vehicles operating on these roads range from 2, 000 to 25, 000
b, depending on truck size and road type and condition. These figures, although far
from being conclusive, indicate an order of magnitude of the performance which might
be expected of remote-area feeder roads,

Accordingly, the maximum capacity of the ROTE-vehicle/minimal-road concept

has been set at 40 tons/day past any point, This would mean a ROTE-vehicle traffic
volume of 15 to 25 vehicles per day,

Required Construction Operations

The required construction operations were specified on the basis of the expected
ROTE-vehicle traffic volume and an estimate of possible terrain and topography situa-
tions. Three basically different minimal-road construction operations were found
necessary:

- SR
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Minimal Road Type Construction Operation
I Improvement of existing paths or trails
II Establishment of roads through virgin areas

by clearing surface vegetation and using the
natural earth surface as the roadway

11 Establishiraent of roads through virgin areas
by clearing surface vegetation and perform-
ing a minimum amount of cut-and-fill
operations.

In most developing countries with tropical climates of definite dry and rainy
(monsoon) seasons, laterite soil is the predominant road-building material. Laterite
is a general term denoting a class of tropical soils of complex origin which vary mark-
edly from one place to another in composition, texture, and physical characteristics,
The main advantage of a laterite-soil surface for a minimal road is that in most areas
the laterite material is directly on the surface or just below the existing topsoil, This
means that very little clearing and excavation are usually required during construction,
Some compacting, shaping, &nd grading of the laterite surface is desirable to facilitate
drainage and to provide a relatively smooth riding surface. If the laterite-soil road
surface has a high gravel content, it is easily maintained throughout all seasons of the
year, providing drainage is proper and the roadway is not inundated. However, if the
laterite surface material has a relatively high clay content, the roadway surface be-
comes very slippery and easily rutted by traffic in the rainy season,

Conventional vehicles cause considerable wear of a laterite roadway surface (in
some instances, as much as 2 inches per year). This wearing of the laterite surface i
results in a very hazardous dust-formation problem during dry weatirer, However, the
basic characteristics of the ROTE vehicle, such as low bearing pressures and good
mobility under extreme conditions of terrain and weather, minimize the disadvantages -
of minimally prepared laterite roadway surfaces.

A detailed description of the construction operations for the three minimal-road i
types is provided in Appendix B, .

FEASIBILITY STUDY

Concept Application

A meaningful preliminary evaluation of this remote-area transportaticn-system
concept requires the identification of a specific location because the variations in road
and vehicle costs from one location to another limit the usefulness of average values.
ARPA/AGILE and United States Agency for International Development (AID) were con-
sulted for suy,gestions of remote locations that had a requirement for such transporta-
tion. On the basis of needs identified and the availability of pertinent information




required for an evaluation, an area of northeast Thailand was selected. This area is
the northeast province of Sakor Na Khon (Sakol Nakorn) (Figure 4). The need is for
transportation and communication links from the district administrative centers to the
provincial capital or to existing all-weather roads leading to the capital (Figure 5).

A more detailed discussion of the geographical characteristics and potential use of
a ROTE-vehicle/minimal-road system can be found in Appendix C.

Road Construction and Maintenance Costs

The actual road-construction cost figures used in this analysis were derived by
examining the composition and magnitude of conventional-road construction costs in
developing countries. The derivation is described in Appendix D,

The road costs derived for the three types of minimal roads are shown in Table 2.

TABLE 2. MINIMAL-ROAD CONSTRUCTION COSTS

Road Type Cost/Mile, dollars
1 0 to 800
I 1, 400
111 2,000 to 5,000

Road mainteaance equipment for a minimal-roadway network could consist of a
grader to perform the surface grading and tools for shaping and ditch cleaning and
shaping. A number of manual laborers would be nceded to perform such roadside
maiutenance tasks as culvert cleaning and surface patching. In addition to the grader
operator, whro would have to be quite skilled, a crew supervisor would be needed. The
cost of this maintenance is estimated at $300/mile per year.

Cost of Exaniple Road Segments. Three possible locations for minimum roads in
the Sakon Na Khon Province have been developed as examples. Because specific loca-
tions were selected, the estimate of road costs is quite realistic for a study of this type.

Example I. The first example is a minimal road from Amphur Ban Akat to
Route 26 at Ban Phok Noi (Figure 6). At the present time there if an animal-cart path
between the two villages that averages from 5 to 8 feet in width. The terrain is nearly
level, and the path traverses numerous rice fields which undoubtedly means that the
path is inundated during periods of the rainy season and provides littie, if any, means
of transportation. The land that is not being utilized for rice fields is covered with
trees or brushwood.

Tue total length of the path is 21.3 miles. Of this, 1.9 miles are village streets
that arec 16 fcet or more in width and constructed of a good loose surface material.
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These streets would not have to be improved to accommodate ROTE vehicles. Approxi-
mately 4 miles of the path appears to go through rice fields. Probably Type 111
minimal-road construction would be required. The remaining sections of the path,
totaling 15.4 miles, traverse woodland areas and the edges of rice fields and would re-
quire Type I minimal-road construction. Because of the proximity of the rice flelds and
the levelness of the terrain, the relative amount of clearing required would be less than
in most wooded areas.

The construction costs for this voad segment would be as follows:

Road Type _(_Zost!Mile Miles Cost
1 $ 600 15. 4 $ 9,240
11 4,000 4 16, 000

Total  $25,240

Example II. Example Il is a minimal road from Amphur Ban Akat westward to
\mphur Wanon Niwat (Figure 6). Presently, there is an animal-cart path between tiie
t o villages similar to the one described in Example I. The terrain in this area is
slightly rolling toward the middle section of the path with maximum grades of about
3 percent. The terrain on elther end of the path is fairly level. Some sectlons of the
path traverse rice fields, but most of the path crosses terraln covered with trees or
brushwcod.

The total length of the path is 16 miles. Of this total, 1 mile is village streets
and will not have to be improved to accommodate ROTE vehicles. Approximately
4 miles of the path appear to go through rice ficlds. These sections of the road will
probably require the Type Il minimal-road construction. The remaining 11 miles tra-
verse the woodland areas and will require Type I minimal-road construction. The
slightly rolling terrain may require more extensive clearing than that required for
Example I.

The costs of this road segment are as follows:

Road Type Cost/Mile Miles Cost
1 $ 700 1 $ 7,700
11 4,000 4 16,000

Total $23, 700

Example 11I. Example Ill is a minimal road from Amphur Ban Kut Bak to
Route 25 at Ban Lat Krachoe. Presently, there is an animal-cart path between the two
villages. The terrain in the area is quite level along the first half of the path; however,
the latter part of the path is quite hilly (elevations vary from 200 meters to 340 meters)
where slopes of nearly 10 percent are common. Also, there are several major streams
that have to be crossed. Most of the area ls covered with trees or brushwood with a

few rice fields scattered randomly along the path.
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The total length of the path is 13 miles. Of this total, 1/2 mile is village streets
and will not have to be improved to accommodate ROTE vehicles. Only 1/2 mile goes
through rice fields; this will probably require Type III minimal-road construction using
the dike method to widen the path. The remaining 12 miles traverse primarily the hilly
wooded terrain and will require the mos! extensive Type I minimal-road construction.

The construction costs for this road segment are as follows:

Road Type Cost/Mile Miles Cost
1 $ 800 12 $ 9,600
11 4,000 0.5 2, 000

Total  $11,600

Average Cost for Three Examples

The average ccst of the 46.9 miles of road for the three examples is $1300/mile.
The annual maintenance costs are estimated to be $300/mile.

Vehicle Operating Costs

A number of factors influence the magnitude of the various unit costs that are
commonly used to appraise the performance of a vehicle. Some of these factors can be
determined only by experience; others are dependent on the particular application.

The payload, vehicle life, maintenance requirements, and fuel consumption used
in this study were derived from the experience of two commercial concerns that have
used these vehicles. The vehicle cost, operating envelope, fuel cost, and operator
salary are dependent upon the particular situation. For this study they were based on
the best information available for the Sakon Na Khon area.

The initial vehicle costs used in this study include applicable overseas shipping
costs. Fuel costs ($0.40/gal for gasoline, or $0.25/gal for diesel fuel) are based on
the current costs to users in this area. The annual mileage that could be traveled by
the vehicles would depend on the speed that could be achieved, the number of hours of
operation each day, and the days of operation per year. A maximum average speed of
20 mph was selected at the speed the ROTE vehicles could travel over minimal roads in
good to excellent condition. During seasons of heavy rainfall, the average maximum
speed would be reduced. The annual mileage estimate is based on expected road sur-
face conditions (Table 3). Surface conditions are probably influenced primarily by local
raintall. The estimate of the daily mileage (operating time) of the ROTE vehicles is
based on the frequency and probable length of stops. With villages spaced every 5 to
8 miles apart, it is estimated that the vehicles would have approximately 5 hours of
operating time during an 8 to 10-hour working day.

For this estimated input data the yearly cost, the cost/mile and the cost/cargo
ton-mile were computed (Table 4).
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TABLE 3. ANNUAL MILEAGE ESTIMATES FOR ROTE VEFWICLES

Days of Estimated Avg. Hours of Operation
Operation Vehicle Speed, mph per Day(a) Miles
244 20 5 24, 400
40 15 5 3,000
25 10 5 1,250
Total 309 1545 28, 650

() 5 hours of engine running time for an 8 to 10-hour working day.

To provide for comparisons between ROTE vehicles and other approaches a
similar approach was taken to compute costs for a conventional truck on a fair-weather
road and of a conventional truck on an all-weather light-duty road. These estimates
are also shown in Table 4,

Potential Usefulness of the
ROTE-Vehicle/Minimal-Road Concept

The real utility of the concept will depend on its effectiveness as an aid for
government organization's programs and activities and its acceptance by private organ-
izations and individuals, [t was assumed in this atudy that the concept would be both
effective and accepted.

Assuming acceptance by private organizations and individuals ie somewhat spec-
ulative, but there is some evidence the remote-area populations will respond enthusi-
astically if such facilities are available. Dr. L. W. Huff gave the following report on
the results of road-development activities in northeast Thailand which cites some en-
couraging exampies:

"...Villagers in cne area of Northeast Thailand seem to be genuinely
enthusiastic about the new roads, usually for very practical reasons,
Rice and other products can be shipped to market when prices are high:
indeed, the roads often bring the news that prices are high or low in the
first place, One villager spoke of the past practice (and necessity) of
people in his village to take rice to market by ox-cart, a 40 kilometer
trip which requires about 48 hours. Upon arrival, they were at the mercy
of buyers who knew the villagers would accept a low price rather than
take their loads back home, The availability of roads and trucks has
changed this situation. The farmer now has somewhat greater confidence
in his ability to cope with what had heretofore been a rather unyielding
market. At Ban Na Khu farmers remember that two years ago there
were times when they could not get their rice to market at all, They
also recall having to take three baht (15 cents) per tang of rice [~20 1b];
now they can get up to seven baht (35 cents) per tang by shipping in quantity
on trucks when tiie market is at its peak.
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tance, and vehicle usec
ated in Tables 6, 7, and 8.
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FIGURE 7. ARTIST'S CONCEPTION OF SECURITY POLICE VEHICLE
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FIGURE 8. ARTIST'S CONCEPTION OF PASSENGFER VEHICLE -
10-PERSON CAPACITY
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FIGURE 9. ARTIST'S CONCEPTION OF PASSENGER VEHICLE -
20-PERSON CAPACITY
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FIGURE 10. ARTIST'S CONCEPTION OF PASSENGER VEHICLE -
30-PERSON CAPACITY
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